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7KH WZR PDMRU GLVDGYDQWDJHV RI '0)&V DSSOLFDWLRQV WKH ORZ DFWLYLW\ RI PHWKDQRO HOHFWUR
R[LGDWLRQ FDWDO\VWV DQG PHWKDQRO FURVVRYHU WKURXJK SRO\PHU HOHFWURO\WH PHPEUDQHV LQKLELW
FRPPHUFLDOL]DWLRQ7KHSUHVHQWSRO\PHUHOHFWURO\WHPHPEUDQHXVHGLQ'0)&VVXFKDV1DILRQ
KDVODUJHPHWKDQROFURVVRYHUIURPWKHDQRGHWRFDWKRGH,WOHDGVWRVHFRQGDU\UHDFWLRQPL[HG
SRWHQWLDO RI R[LGDWLRQ DQG UHGXFWLRQ DW HOHFWURGH GHFUHDVLQJ HQHUJ\ DQG SRZHU GHQVLW\ DQG




SURSRVHG LQ  GLIIHUHQW SDWKZD\V SRVWSKRVSKRQDWLRQ RI SRO\PHU DQG SRO\PHUL]DWLRQ RI
SKRVSKRQLFDFLGFRQWDLQLQJPRQRPHU)RUH[DPSOHWKHLQWURGXFWLRQRISKRVSKRQLFDFLGJURXS
WR SUHPDGH IOXRULQDWHG SRO\PHU EDFNERQH LV VWXGLHG DQG VRPH JURXSV V\QWKHVL]HG QHZ
SKRVSKRQLF DFLG FRQWDLQLQJ IOXRULQDWHG PRQRPHU ZKLFK DEOH WR FRSRO\PHUL]H ZLWK RWKHU
IOXRULQDWHGSRO\PHUV7KHVHSKRVSKRQLFDFLGFRQWDLQLQJPHPEUDQHKDVSRRUFRQGXFWLYLWLHVGXH
WRORZSKRVSKRQDWLRQOHYHO$URPDWLFSRO\LPLGHVDUHZLGHO\VWXGLHGLQIXHOFHOODSSOLFDWLRQGXH
WR WKHLU KLJK WKHUPDO VWDELOLW\DQGPHFKDQLFDO VWUHQJWK0DQ\ W\SHVRI VXOIRQDWHGSRO\LPLGH
PHPEUDQHVKDYHEHHQGHYHORSHG IRU IXHO FHOO LQFOXGLQJ'0)&V)RU LQVWDQFH WKHVXOIRQDWHG
QDSKWKDOHQLFSRO\LPLGHKDVUHFHQWO\UHSRUWHGIRU'0)&VDSSOLFDWLRQ7KH<XPLQJHWDOSUHSDUHG
WKHVXOIRQDWHGSRO\LPLGHPHPEUDQHYLDRQHVWHSSRO\PHUL]DWLRQDQGWKHLUREWDLQHGPHPEUDQH
GLVSOD\HG GHVLUDEOH SURWRQ FRQGXFWLYLW\ UDQJHG IURP   × WR × VFP DQG ORZ
PHWKDQROSHUPHDELOLW\RIOHVVWKDQ×FPV
2QO\ IHZ UHVHDUFKHV KDYH IRFXVHG RQ SKRVSKRQDWHG SRO\LPLGH 7DNLQJ DGYDQWDJHV RI KLJK
WKHUPDOSURSHUWLHVDQGPHFKDQLFDOVWUHQJWKRISRO\LPLGH LQFRPELQDWLRQZLWK WKHFDSDELOLW\ WR
IRUP VWURQJ K\GURJHQ ERQG DQG WKHUPDO VWDELOLWLHV RI SKRVSKRQLF DFLG ZH FRPH XS ZLWK WKH
QRYHOSKRVSKRQDWHJUDIWHGFRSRO\LPLGH7KHQHZV\QWKHVLVURXWHDQGVWXGLHGWKHSKRVSKRQDWH
EUDQFKHG FRSRO\LPLGH ZKLFK GHULYHG IURP 17'$ ¶2[\GLDQLOLQH 2'$ DQG ¶
GLDPLQREHQ]LGLQH ZDV VWXGLHG 7KH PHPEUDQH GLVSOD\HG FRPSDUDEOH SURWRQ FRQGXFWLYLW\ LQ




7KH 3%3, ZDV FRPSULVHG RI K\GURSKRELF DQG K\GURSKLOLF EORFNV 7KH EORFN EUDQFKHV ZHUH
HDVLO\FRQWUROOHGVLQFHWKHWZREORFNV3,$DQGSD3,&ZHUHVHSDUDWHO\V\QWKHVL]HGDQGWKHQ
UHDFWHG WRJHWKHU WR IRUP WKH EUDQFKHG FRSRO\LPLGH QDPHO\ 3%3, DV VKRZQ LQ )LJXUH  7KH
JUDIWLQJ VWHS ZDV FRQILUPHG E\ WKH GLVDSSHDUDQFH RI WKH ±1+ UHVRQDQFH DW  SSP LQ
SKRVSKRQDWHGSRO\LPLGHQDPHO\3(3,&)LJXUH
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)LJXUH7KHSKRVSKRQDWHEUDQFKHGFRSRO\LPLGHVWUXFWXUH
7KHSKRVSKRQDWLRQZDVFRQILUPHGE\)7,5 VSHFLILFDOO\ DEVRUEDQFHVDW DQG
FPGXHWR5+23 2VWUHWFKLQJYLEUDWLRQV$OOPHPEUDQHVZHUHSUHSDUHGE\EOHQGLQJZLWK














































































































































DQG ZDV DJUHHG ZLWK VZHOOLQJ UHVXOWV DV VKRZQ LQ )LJXUH  $V H[SHFWHG SURSHUWLHV WKH
PHPEUDQH I3%3,ZLWKKLJKHVW ,(&aPHTJREWDLQHG IURPKLJKHVWSKRVSKRQDWLRQ OHYHO
RI SD3,& VKRZV KLJKHVW VZHOOLQJ UDWLR DW  DQG ZDWHU XSWDNH DW  &RPSDULQJ WR
1DILRQ®ZLWKVZHOOLQJDQGZDWHUXSWDNH WKH I3%3,VKRZV ORZHUZDWHUXSWDNH








RI WKH SRO\PHUVZHUH VWDEOH WR DW OHDVW °& EHFDXVHRI WKH H[FHOOHQW VWDELOLW\ RI WKH LPLGH
JURXSV3,$ZDVVWDEOHWRa&ZKHUHGHJUDGDWLRQRIWKHLPLGHJURXSVRFFXUUHG7KHSD3,
& ZDV OHVV VWDEOH SUREDEO\ DV D UHVXOW RI WKH SKRVSKRQLF DFLG JURXSV 7KH SKRVSKRQDWHG
SRO\PHUV DOVR KDGD VPDOOPDVV ORVV EHORZ °&ZKLFKZDVPRVW OLNHO\ZDWHU&RPSDULQJ
DPRQJSD3,& V\VWHP DV WKH GHJUHH RI SKRVSKRQDWLRQ LQFUHDVHG WKHZHLJKW ORVVHV DURXQG
& LQFUHDVH DQG WKH GHJUDGDWLRQ WHPSHUDWXUH GRHVQ¶W GHFUHDVH VLJQLILFDQWO\ 7KLV
REVHUYDWLRQDJUHHVZLWK LQ3%3,V\VWHP)URP7DEOH WKHPHWKDQROSHUPHDELOLW\RIREWDLQHG







































7KLV UHGXFWLRQ RI PHWKDQRO SHUPHDELOLW\ LV GXH WR WKH DPRXQW RI K\GURSKRELF SDUW LV DGGHG
GXULQJ WKH PHPEUDQH SUHSDUDWLRQ DQG WKH GLIIHUHQFH LQ PLFURVWUXFWXUH EHWZHHQ WKHVH WZR
SRO\PHUVDVPHQWLRQHGEHIRUH+RZHYHU WKH1DILRQ®PHPEUDQHGLVSOD\V WKH WKUHH WLPHV
KLJKHUSURWRQFRQGXFWLYLW\ WKDWFRPSDUHG WR I3%3, UHJDUGOHVV WR ILYH WLPHVKLJKHUPHWKDQRO
SHUPHDELOLW\ WKDQ I3%3, 7KH SURWRQ FRQGXFWLYLW\ RI 3%3,PHPEUDQHV DW URRP WHPSHUDWXUH
DQG K\GUDWHG FRQGLWLRQ DUH LQYHVWLJDWHG :LWK LQFUHDVLQJ RI SKRVSKRQDWLRQ OHYHO SURWRQ
FRQGXFWLYLW\RI3%3,LQFUHDVHVDQGUHDFKHVWKHPD[LPXPDWîíVFP7KHI3%3,ZLWK
KLJKHVW SKRVSKRQDWLRQ OHYHO LQ WKLV VWXG\ GLVSOD\V DERXW RQHWKLUG ORZHU WKDQ 1DILRQ® LQ
VSLWHRIPXFKKLJKHU ,(&YDOXH ,WVHHPVWKDW WKHPDLQUHDVRQIRU ORZHUSURWRQFRQGXFWLYLW\ LV
GXH WR ORZHU ZDWHU XSWDNH ,Q DGGLWLRQ LWPLJKW FDXVH IURP WKH GLIIHUHQW RI VL]H DQG GLVWDQFH
EHWZHHQLRQLFFOXVWHUV0RUHRYHUWKHSURWRQFRQGXFWLYLW\RISKRVSKRQDWHJUDIWHGFRSRO\LPLGHLV
VOLJKWO\ ORZHU WKDQ VXOIRQDWHG SRO\LPLGH PHPEUDQH ZKLFK UHSRUWHG E\ PDQ\ UHVHDUFKHUV
ZKLOHWKHSKRVSKRQLFDFLGVDUHOHVVDFLGLFWKDQVXOIRQLFDFLGV,WLQWHUHVWLQJO\QRWHGWKDWWKHJUDIW
VWUXFWXUH RI SKRVSKRQDWHG SRO\LPLGH PD\ FRPSHQVDWH LWV GLVDGYDQWDJH LQ ORZ DFLGLF RI
SKRVSKRQLF DFLG DQG WKH EXON\ EUDQFKHG VWUXFWXUH PD\ IRUP PRUH K\GURSKRELFK\GURSKLOLF
PLFURSKDVH VHSDUDWLRQ DQG SURYLGH D ZLGHU WUDQVSRUW FKDQQHO WKDQ QRUPDO VXOIRQDWHG
SRO\LPLGH
&RQFOXVLRQV




EUDQFKHG FRSRO\LPLGHZDV WKHUPDOO\ VWDEOH WR DW OHDVW & 7KHPHPEUDQHV GLVSOD\ ORZHU
PHWKDQROFURVVRYHUOHVVWKDQîíFPVDQGOLWWOHORZHUSURWRQFRQGXFWLYLW\FRPSDUDEOHWR
1DILRQ®
$FNQRZOHGJPHQWV 'U 7KRQJ\DL DQG 'U 3UDVHUWKGDP ZLVK WR WKDQN WKH 7KDLODQG 5HVHDUFK
)XQG5R\DO*ROGHQ-XELOHH3K'3URJUDPIRUVXSSRUW
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